Introduction
Silicon carbide (SiC) is a promising semiconductor for high power devices due to its high breakdown voltage, low power loss, and high temperature operation capability. A SiC-SBD (Schottky Barrier Diode) has small switching loss in comparison with a conventional Si-PiN diode. Until now, we had fabricated large-capacity hybrid SiC power modules with 1.7kV SiC-SBDs and Si-IGBTs (Insulated Gate Bipolar Transistor) [1] . For the development of devices with higher breakdown voltage, we have fabricated 3.3kV SiC-SBD [2] . In power modules, many chips are connected in parallel, so stability in multi-parallel operation is required. In this report, we fabricated 3.3kV SiC-SBDs with a chip size larger than that of our past prototype SiC-SBDs to improve their characteristics, and in order to confirm a stable multi-parallel operation, we evaluated not only characteristics of the SiC-SBDs but also multi-parallel operation of the SiC-SBDs. In addition, we also carried out a PWM (Pulse Width Modulation) operation.
Experiments
SiC-SBDs were fabricated on a n-type 4H-SiC wafer. The thickness and doping concentration of the drift layer were 30μm and about 3  10 15 cm -3 , respectively. We used Ti for the Schottky electrode and realized a good Schottky interface having a barrier height (φ B ) of 1.22eV and an ideality factor (n) of 1.02 [3] . The schematic cross-sectional view of the SBD is shown in Fig.1 . The pseudo-multi-level RESURF (REduced SURface Field) structure [4] was fabricated as a termination structure. Fig.2 shows the fabricated 3.3kV SiC-SBD. The size of the chip is 8.72mm  8.91mm.
Results & Discussion
A. Characteristics of the 3.3kV SiC-SBD The I-V characteristics of the SBDs were measured by Tektronix 371A curve tracer using pulse mode measurement. Fig.3 shows the forward I-V characteristics of the SiC-SBD. Forward voltages at 75A (V F ) at 25℃, 125℃ and 150℃ were 2.2V, 3.7V, and 4.3V, respectively. The typical reverse I-V characteristic of the SiC-SBD is shown in Fig.4 . The breakdown voltage was observed at about 3.9kV. Fig.5 indicates the turn off characteristics of the SiC-SBD and Si-PiN diode at 25℃. The turn off characteristics were measured by a half bridge circuit, which is composed of a Si-IGBT and a SiC-SBD. The switching voltage is 1650V. At the switching conditions of di/dt=611A/μs and dV/dt=4.7kV/μs, though we observed a large recovery current waveform for the Si-PiN diode, we did not observe it for the SiC-SBD. In a reliability test, we carried out a high temperature reverse bias test at 175℃, 3500V for 1000hr and confirmed that the reverse current characteristics of the SiC-SBDs did not change for at least 1000hr.
B. Multi-parallel operation
We also evaluated the multi-parallel operation of the SiC-SBDs. The test circuit was composed of SiC-SBDs and Si-IGBTs. Fig.6 shows the turn on waveforms of the test circuit at 2000A, and a temperature of 25℃. The switching voltage is 1500V. When the circuit was turned on, damped oscillation was observed. It is attributed to the small parasitic inductance of the circuit. Finally, we carried out a PWM operation. The operation was carried out by single phase 2 level inverter circuit which composed of SiC-SBDs, Si-PiN diodes, and Si-IGBTs as shown in Fig.7. Fig.8 shows the reactor current and the SiC-SBD voltage waveforms of the PWM operation. The carrier frequency is 750Hz and the inverter frequency is 50Hz. We demonstrated that it can be driven as an inverter under a DC voltage of 1500V and a reactor current of 550Arms. We was able to confirm a stable multi-parallel operation of the 3.3kVSiC-SBDs.
Conclusions
We developed a 3.3kV SiC-SBD with a chip size larger than that of our past prototype SiC-SBDs. Though we observed a large recovery current waveform for the Si-PiN diode, we did not observe it for the SiC-SBD. We also evaluated multi-parallel operation using a test circuit, and stable switching characteristics at 2000A were obtained. Finally, we carried out a PWM operation. As a result, we demonstrated it can be driven as an inverter under a DC voltage of 1500V and reactor current of 550Arms. We was able to confirm a stable multi-parallel operation of the 3.3kVSiC-SBDs. 
